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I INTRODUCTION

Amongst the many satellites at present orbiting the Earth is a series known
~as Landsat. These vehicles contain a number of sensors which make observations

of the surface of the Earth, the information obtained being broadcast by the

satellites and collected at ground receiving stations. The type of sensor of

interest in the present study is the multi-spectral scanner (MSS), which is

described in Ref 1.

Normally, the received data is recorded on high density magnetic tapes

which are not computer-compatible, that is they are not capable of being read

directly into a conventional computer installation. It is therefore common for

ground receiving stations to have the special equipment necessary to convert high

density tapes to the more widely usable computer compatible tapes (CCTs).

The conversion from high density tape to CCT may be done with little or no

alteration to the data content, and such a CCT may be thought of as containing

'raw' or unprocessed data. Since most users require corrected data tapes, it is

common practice for the high density tapes to be converted directly into

'corrected' CCTs, without intermediate storage in 'raw' form.

Receiving stations may therefore offer to supply Landsat MSS data users

with either raw or corrected data tapes. Until recently, the demand has been

solely for corrected tapes. For example, Space Department, RAE has acquired a

considerable number (about 200) of corrected CCTs but had no raw CCTs at the time

that this work was started.

During the course of computer analysis of Landsat MSS data it has become

apparent that corrected data suffers from certain adverse features, resulting

from the correction process. It was therefore considered desirable to obtain raw

data, and in view of the considerable amount of corrected data held at RAE it

seemed worthwhile to attempt to devise a method (ie a computer program) to

restore raw data from corrected tapes. This Report describes a study which has

been made to determine the data-structure of raw and corrected tapes and the

relationship between them, with the aim of converting corrected data back to the

raw form.

1.1 Cautionary note

Many scientific investigations are concerned with natural objects or

co phenomena, whereas this study is concerned with man-made objects (CCTs). There
0 is a possibility that a purely descriptive observation may be interpreted as
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implying adverse criticism. The author wishes to make it clear that this Report

is not intended in any way as a criticism of the tapes under study.

2 DESCRIPTION OF COMPUTER COMPATIBLE TAPES

The 'corrected' computer compatible tapes are described in some detail in

Ref 2, dated May 1976 and redefined in Ref 3 dated October 1979, which became
available during the course of the work described. These publicatiori give con-

siderable detail about the tapes, though they leave a number of small but impor-

tant points unresolved. No description of 'raw' data is given, and insufficient

details of the conversion from raw to corrected data are provided to allow the

process to be reversed.

Acomparison of Refs 2 and 3 shows that significant differences exist I
between the relevant formats, so this study will refer to 'old' and 'ntew' correc-

ted tapes, the former being produced before the summer of 1979 and the latter

after that time. On the basis of information received by private communication,

the changeover date has been selected as 1 August 1979.

When the present study began, it was not known that a format change was

about to occur. It is perhaps fortunate that the change occurred at this time,

as this tudy was then extended to cover the new format, and has been able to be

more complete in itself and in the output products (ie computer programs) which

have resulted from it.

2.1 General structure of the CCTs

The general structure of all CCTs, both raw, and old and new corrected, is

similar, and is illustrated in Table 1. The magnetic tapes contain a sequence of

'record.', as shown, starting with two header records, separated by a tape

marker. The next six records refer to transformations and calibrations relevant

to the scene, and are followed by a tape marker. There are 9144 data records,I

referring to the four spectral bands of data for the 2286 lines or scans of the

scene,

Refs 2 and 3 describe in some detail the nature and contents of these

records. This Report is concerned only with details of the records not clarified

by these references, and with differences between the various raw and corrected

tapes. If it is intended to study section 3 in detail, it is advisable that
either Ref 2 or 3 be available for concurrent use.



2.2 The data tapes examined

Space Department, RAE had an extensive collection of corrected CCTs all of

the 'old' type, when this study started. Two more tapes were obtained especially

for this study, these being a raw and a corrected tape (nominally of the same

scene). As the study proceeded, it became apparent that the corrected tape was
of a different and new type. Since then, several other tapes have been examined,

the details being shown in Table 2. All of these tapes were processed at Fucino

in Italy, over a period of some 21 months. The tapes referred to as D and E
contain data from Landsat 1, the others from Landsat 2. The scene numbers refer

to the satellite path and row1. Tapes A and B are the same scene, a portion of

Sweden, and both derive from the same satellite pass. The other scenes are of

the south-west of England, including the Severn estuary.
3 DL~nZDINVETIGAIONOF THE TAPES

The computer compatible magnetic tapes were examined in detail, on a

Prime 400 computer system including a 1600 bpi 9-track magnetic tape unit.

A computer program was available which allowed the tapes to be studied in

close detail. However, due to the very large quantity of data, it was not pos-

sible merely to print it all out and study the listing, as this would have run

to many thousands of closely packed pages for each tape. Instead, several com-
puter programs were written, to explore various facets of the information

required. Some of these programs are mentioned in the course of this and the

next section.

This section is not to be taken as a complete description of the tape

formats, for which attention should be turned to Ref 2 or 3. Mention will only be
made here of detail not noted in those references.

3.1 JSC header record

The JSC or Johnson Space Centre Header Record contains 3060 bytes, most of

which are unused. Only two items have been found in the JSC header on all tapes,

but some tapes have a few additional items.

The items specified in Ref 3 are listed in Table 3. All of the tapes

studied contain items I and 2. It is of interest that the values provided on

tapes A and B, which are nominally the same scene, differ slightly. This my be

because the scene is in fact slightly displaced, between tapes A and B, or it may

Co reflect a more accurate value in the case of the corrected tape B.
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The old corrected tapes examined all contain item 3 and the new corrected

tapes also contain item 4.

3.2 Landsat header

Whilst the JSC header always uses EBCDIC characters, the Landsat header

and subsequent records may use either EBCDIC or ASCII. The character code is

indicated by one of the process flag bits in the Landsat header. All of the

tapes examined have been found to use EBCDIC characters.

The contents of the Landsat header are described in Refs 2 and 3. The

differences noted between the headers on the raw tape (A) and corrected tape (B)

for a nominally identical scene are:

Value

Item Contents Raw Corrected

1 Day number since launch 899 1899
2 Frame identification 09012 2208018049

3 Centre latitude N 5990 5984

4 Centre longitude E -1799 1768

5 Cycle number 50 49

6 Date master tape generated 5 April 79 16 Sept 79

7 Date copy tape produced 5 April 79 16 Sept 79

8 Process flags 0000000 1111010

Comments may be made, on the differences between the two.

Item 1 Raw data omits leading '1': this is the true value, whereas the

corrected value is in error.

Item 2 The frame identification on corrected tapes includes the mission

(Landsat 2) track (208) frame (018) and cycle (049).

On the raw tape it may refer to hours (9) minutes (01) and tens of

seconds (2) at which the centre point was imaged, ie 9:01:20 on the day

specified.

Item 3 The small differences here probably represent the slightly different

and 4 area imaged (see section 4.1). The differences are of the' required

order of magnitude, for a satellite near to the northerly apex of its

orbit, assuming that the values represent degrees (two figures) and o

hundredths of degrees (two figures). The specifications "state that the 00

second pair of figures represent minutes of arc, but this clearly cannot

be the case, as the values exceed the maximum possible value of

59 minutes.
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The minus sign in the raw data for item 4 is not understood: it is

clearly in error.

Item 5 It is not known why these values differ. The actual cycle number is 49,

which means that the raw data tape is incorrect.

Items 6 These are the dates at which the COTs were prepared, and of course need

and 7 not be the same.

Item 8 Raw data is 'unprocessed' and would be expected to have process flags

all zero. The code for the processed tape implies: (left to right).

Bit 1: No meaning to user

Bit 2: 256 radiometric levels

Bit 3: Geometric correction applied

Bit 4: No meaning to user

Bit 5: Statistical radiometric correction applied (as distinct from

step wedge calibration).

Bit 6: No meaning to user

Bit 7: EBCDIC character code (as distinct from ASCII)

It is noteworthy that the other corrected tapes have the same process

flags as tape B.

3.3 Transformation record

The transformation record contains up to 36 values, but in the tapes

studied so far only seven items have non-zero values. The values, on the raw and

corrected tapes are:

Item Meaning Raw Corrected

1 UTII zone number 33 33
2 UTH Northing (metres) 6643843.5 6636431.27

3 UTH Easting (metres) 667227.25 650377.3597
4 Frame orientation 0.4261635542 0.275119713

5 Pseudo altitude of satellite (kin) 249.7637482 248.7237

7 X scale factor 3.703999996 3.703999996

8 Y scale factor 925.124939 3.703999996

Items 2, 3 and 4 would be expected to differ somewhat, because of the

jdifference between the scene framing, mentioned earlier. Item 5 may, or may not,

depend on the same reason.

0
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Items 7 and 8 refer to the 70 mm film images which may be produced as an

alternative to CCTs, so probably have no relevance to the computer processing

done at RAE.

3.4 Radiometric look-up table records

There are five look-up table records, corresponding to the spectral bands

4 to 8 inclusive. This study is concerned only with bands 4 to 7, so band 8 is

not considered here.

The look-up tables show the conversion which has been used to transform

6-bit values (0 to 63) from the satellite sensors to 8-bit values (0 to 255) on

the corrected tapes. The conversion takes account of the known behaviour of the

sensors (ie bands 4 to 6 are quasi-logarithmic, whereas band 7 is linear) and

also the differences in sensitivity between each of the six detectors associated

with each spectral band.
For any scene, a set of look-up tables may be prepared. The 6-bit data on

the high-density tapes is either used unaltered (for raw tapes), or transformed

to 8-bit data by means of the look-up tables (for corrected tapes).

The contents of the look-up tables have been examined on the various types

of tape, and the differences are described below.

3.4.1 Raw tapes

For raw data tape A all of the look-up tables contain only zero values.

(This is to be expected since raw data does not need such tables.)

3.4.2 Corrected tapes

For corrected tapes, complete look-up tables are provided, as expected.

Ref 2 explains that the tables are derived either from calibration data from the

satellite (calibration wedge), or from a statistical analysis of the scene itself.

Bit 5 of the process flag word in the Landsat header indicates that the latter

has been done for all corrected tapes studied.

It is of interest to note that the look-up tables contain a few instances

of two adjacent values being the same. Thus it is not always possible to perform

the inverse mapping from corrected to raw values without an occasional ambiguity

occurring. This does not occur on all images, and it is possible to restore data

to its raw form in many cases, at least as far as the radiometric values are

concerned. 0
cc
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3.5 Multi-spectral scanner data records

A scene is defined as 2286 lines. Each line consists of four spectral

bands, each of which is contained in one magnetic tape record. There should

therefore, be 2286 x 4 = 9144 data records on the tape, followed by a file

marker. At 1600 bpi this almost fills a 2400 foot tape.

The data structure may, therefore, be considered as consisting of sets of

four records (bands 4, 5, 6 and 7) for each line of the scene. Of each set of

four, the first record differs from the other three, in the manner noted below.

Each record consists of 3780 bytes. Bytes 1 and 2 form a 16-bit integer,

having the values 1, 2, 3, 4 for each of the records of a set of four. Thus,

byte I of the record is always zero, and byte 2 of each band 4 record, for

example, would have the value 1.

For band 4 data, bytes 3-180 contain 'ancillary data' (see below) and bytes

181-3780 contain video data. For the other three spectral bands, the video data

is contained in bytes 3-3602 and the ancillary data is in bytes 3603-3780, ie

after the video data. The ancillary data for bands 5, 6 and 7, where it exists

is usually the same as that for band 4.

3.5.1 Ancillary data

The raw data tape A contains ancillary data only in the band 4 record; in

the other three bands the words are all zeros.

The interpretation of the ancillary data is described in Refs 2 and 3, but

the meaning of several items is not entirely clear. For instance:

'End of video flag count' - on the raw data tape this has a value which

may be interpreted as -19700.

'Minor frame sync loss count' - zero in all cases examined.

'Uncorrected line length' - this seems to be approximately but not exactly

equal to the number of pixels in the line of raw data which corresponds to the

corrected line. On the raw data tape the value in the ancillary block is zero.

The meaning of 'start pixel number' and lend pixel number' seems to vary

from one type of tape to another. This is described in more detail in

section 3.5.2.

Summarizing the ancillary data therefore:

o (a) Raw tapes only contain ancillary data for band 4; for other bands it

is all zero. Even in the band 4 data, only a few of the values are present
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namely: time and day/time, EOV flag, scan number, start and end pixel numbers,

and sensor number.

(b) Old corrected tapes contain ancillary blocks for all bands, but those

for bands 5, 6 and 7 are less complete, eg they lack scan line numbers, start and

end pixel numbers, time and day/time. For band 4+ the EOV flag is set to -19700

(as with the raw data), and the XSCAN is set to zero. The 'one fills' are also

set to zero but most of the other ancillary data is provided with the exception

of the uncorrected line length.

Tape D, which was processed some months before tape L;, has less data in its

ancillary blocks. In particular, the time and day/time are zero, even for band 4.

On this tape the EOV flag is -27636.

It seems possible, therefore, that the corrected data tapes have gone

through a number of versions, each more complete than the previous one.

(c) The new corrected tape has almost complete ancillary blocks for all

bands. The scene does not start with Sensor No.1. The XSCAN values represent

the distance along the swath in metres; 0, 80, 160 etc, for rows 1, 2, 3 etc.

3.5.2 Pixel start and end numbers

Each MSS data record has 3600 bytes available for radiometric data. As

mentioned, the data is stored in bytes 181 to 3780 for band 4, and bytes 3 to

3602 for bands 5, 6 and 7.

Normally, considerably less than 3600 radiometric values are provided: the

actual number is quoted as being between 3000 and 3450 bytes, and in practice is

about 3244 on the raw data tape. The actual number of values depends upon the

interval between the start-of-scan and end-of-sean signals in the satellite, and

seems to vary very little over a considerable period of time.

All values are stored as binary, and bytes which do not contain radiometric

values are set to zero, such values occurring both before and after the radio-

metric values. Since zero is a valid radiometric value it is not always possible

to distinguish the start and end of data, by inspecting the bytes. It is there-

fore necessary for the system to specify where radiometric values start and end.

All of the tapes contain pixel start and end numbers in the ancillary block

for band 4+ of every row of the scene. In some cases (eg tape B) the ancillary

blocks for bands 5, 6 and 7 also include start and end numbers, and these are 0.

always the same as those given for the corresponding band 4. However, the inter-

pretation is different, in some cases for every band, as described next, where:



SP = start pixel number (bytes)

FP = finish or end pixel number (bytes)

(a) Raw data tape A

Band Start at End at

4 SP FP + 178 + 4

5 SP-178 FP + 2

6 SP-178 FP

7 SP-178 (FP-2)

The end for band 7 is deduced. Since the radiometric values at the end of

the line were zero it was not possible to determine the end with certainty.

For the first row of the scene SP = 411 and FP = 3473 so:

Band Start End No. of pixels

4 411 3655 3245

5 233 3475 3243

6 233 3473 3241

7 233 (3471) (3239)

The values of SP and FP were examined for the whole of the tape. SP

remained at the value 411 throughout the entire scene, whilst FP alternated

between the values 3473 and 3474, the change occurring after irregular numbers of

lines, eg at lines 19, 25, 79, 85, 91 etc.

(b) New corrected data tape B

Band Start at End at

4 SP FP

5 SP-178-2 FP-178-2

6 SP-178-4 FP-178-4

7 SP-178-6 FP-178-6

For the first row of this tape SP = 454, FP = 3753, hence:

Band Start End No. of pixels

4 454 3753 3300

5 274 3573 3300

6 272 3571 3300

7 270 3569 3300

Co
0*
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This tape gives the 'uncorrected line length' as 3240, for band 4 row 1.

This does not refer to the number of pixels in the line (which is seen, above, to

be 3300) but corresponds approximately to the number of pixels in the line of raw

data (see (a) above).

The values of SP and FP were found to decrease progressively throughout

this tape. For example, SP = 454 and PP = 3753 (for all four ancillary blocks)

for the first row of the scene. Subsequently, SP and FP both decreased by one,

at about every 20th row of the scene, ending the scene with values SP = 348 andI

PP = 3647. In every case the difference FP-SP was the same, 3299, ie a constant
line length of 3300 pixels.I

The decreasing SP and PP values imply that the scene as a whole is a para-

llelogram rather than a rectangle, this being a result of geometric correction

for Earth rotation below the moving satellite. It is normal practice in RAE to

J, extract the maximum possible rectangle from this parallelogram.

Cc) Old corrected data tape C

Band Start at End at

4i SP FP +178+ 8

5 SP-178 FP +6

6 SP-178 P + 4

7 SP-178 P +2I
For the first row, SP = 321, PP = 3415 so:

Band Start End No. of pixels

4 321 3601 3281

5 143 3421 3279

6 143 3419 3277

7 143 3417 3275

In the older corrected tape, the uncorrected line length is not given. The

number of pixels for each band reflects the varying number in the raw data. How-

ever, in the new corrected tape (B) the number of pixels has been made constant

(3300) for each band.

It is thus apparent that there is an older (C) and newer (B) type of

corrected data tape, which need different interpretation, at least concerning the

start and end pixels. 0
400
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4 ADDED PIXELS

It has been shown that the raw data scene has about 32140 pixels per row,

whereas the corrected scene has 3300. The reason for this is that extra pixels

have been inserted, in a systematic manner, to 'correct' the geometry of the

scene*

There are two major distortions in an MSS scene which affect the distribu-

tion of pixels along a line. Firstly, the oscillating mirror in the Landsat

satellite does not move at a constant speed, and this gives rise to 'non-linear

mirror velocity distortion'. Secondly, because of the 5.9 degree field of view

on either side of the vertical, there is the so-called 'panoramic distortion'.

These two distortions have a cumulative effect, which is to 'stretch out' the

edges of the scene, in relation to the central regions.

To compensate for these distortions, the corrected tapes have pixels added

to them. Pixels are added only infrequently at the edges of the scene (ie near

the ends of the lines) but increasingly more are added near the centre, for

example at a rate of one extra pixel per 28 pixels. This effectively 'stretches'

the central regions, so that the whole scene is linearly compensated.

4.1 Comparison of raw and corrected tapes

Information about the added pixels can be obtained by comparison of raw and

corrected tapes. Each line of a corrected scene should correspond to the same

line of the raw scene, but with the radiometric values transformed by means of

the look-up tables and with added pixels.

When the two tapes were studied it became apparent that the scenes, although

nominally similar, were not identical, and it was eventually determined that

line 1 of the corrected tape corresponded to line 262 of the raw data tape. With

this knowledge it was then possible to list the pixel values for the correspond-

ing lines.

The values of the two lines would not be expected to correspond directly,

because the raw values are converted, by means of a look-up table, to corrected

values. When this conversion was taken into account, the two lines could be

compared. It then became apparent that extra pixels were in fact be ing added, by

duplication of preceding values, at intervals throughout the line.

Following this discovery, a program was written to detect all pixels which

Co had the same value as the preceding one. Clearly this would detect both added
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pixels and other, genuine duplicates. However, by repeating the process for

several lines, it was possible to detect the locations of the added pixels.

When this program was run on 50 lines of the corrected tape B (10 was

insufficient) it showed very clearly where the pixels were added. At the ends of

the line, one pixel was added for about every 100 existing ones, and at the

centre one pixel per 30 was added, Cie 30 pixels became 31), with 79 pixels added

in all.

When more extended tests were run, it became apparent that the sequence of

added pixels was changed at intervals throughout the scene. Further examination

indicated that this change occurred after every 82 lines. It is not known
whether this interval is common to all new corrected tapes, or just to this par-

ticular tape; verification would be a lengthy process.

4.2 Study of older corrected tape

An older corrected data tape (C) was then studied.

When the program described above was run, no 'added pixels' were found.

Further studies indicated that pixels were being added by averaging, rather than

by duplication of existing ones, ie each added pixel was assigned a value which

was the average of the pixels on either side of it.

It seemed that the best approach would be to inspect the look-up table

appropriate to the band and sensor, and then examine the line for radiometric

values not in the look-up table. This would not detect all added pixels, as

sometimes the average would be an existing value, but if repeated on several

lines it should reveal added pixels only.

Another program was prepared to perform this task, and this successfully

detected the added pixels. As with the tape B, tape C shows that pixels are

added more closely in the centre of the line, and less frequently at the ends,

but the added pixels are of course averaged rather than duplicated values.

Adding 'averaged' pixel values is not acceptable when computer interpreta-

tion is to be done. For example (and for simplicity the example will be confined

to one band, - although it is equally applicable to all 4 bands) consider two

types of feature on a scene., feature 1 having radiometric values of say 10-20 and

feature 2 having values of 90-100. If a pixel is inserted between two such

features, an average value of say 50-60 will be provided, which is unlike either
0

feature I or feature 2, but my be consistent with some other type of feature. 0

Thus adding averaged pixel values is a form of data corruption.
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4.3 Comments on added pixels

Geometric correction of any kind, on a raster-scan image, must inevitably

give rise to some amount of data degradation, so for some purposes, the raw, and

hence distorted, scene is preferable. For many users, however, including those

performing a computer analysis, geometric correction may have some advantages.

This study has shown that the corrected tapes use added pixels to obtain a geo-

metrically corrected scene, and that the 'old' method was to add averaged values,

whilst the 'new' method is to insert duplicate values. Both methods have dis-

advantages, but it seems likely that the new method is less undesirable.

This study has shown that it is in practice possible to detect the locations

of the added pixels with both old and new tapes. In the case of the new tape the

change after every 82 lines makes this detection very laborious. It is, however,

practical to use a computer to detect and convert the added averaged pixels of

the old tapes to added duplicate pixels, and such a conversion may often by

advantageous, for image analysis purposes.

5 PROGRAMS TO PROCESS TAPES

The purpose of this work was to obtain information about Landsat MSS data

tapes, so that 'raw' information could be extracted from the extensive stock of

corrected tapes held at RAE. During the course of the work, the 'new' corrected

format became the standard, and consequently demanded a new program to read it

correctly.

Consequent upon this study, therefore, two new programs have been prepared

and these are described in sections 5.2 and 5.3.

5.1 Disc image files

When it is intended to perform any computer analysis of a Landsat M4SS scene,

it is convenient to read the CCT and form a set of image files, held in disc

store. This is done chiefly for speed of access, as any portion of a disc file

can be accessed in much less than one second, as distinct from a magnetic tape

where access can take several minutes.

It is convenient to form four equal sized disc files, of bands 4 to 7
inclusive. Each file consists of a 'header' followed by the video data held as

a raster scan, stored in sequence, and all files are 'in register', that is to

say they correspond to exactly the same portion of the Earth's surface. Failure

to achieve registration will of course falsify any inter-band analysis.
0
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Due to the mode of operation of the Landsat Multi-spectral Scanner, the

pixels in any line are displaced by two from band to band (see Ref 1). The

specifications mentioned in Refs 2 and 3 do not make clear which pixels are in
register. During the development of the program described below, it has been

necessary to examine the disc images, to check for registration, and to modify

the program accordingly. Registration is most easily checked by selecting some

image feature which is conspicuous in all four bands, and ensuring that its

location is identical on all four image files.

5.2 Program to convert corrected to raw data

Since 'correction' includes both the conversion of values, using look-up

tables, and the addition of pixels for geometric correction, two kinds of

'uncorrection' are possible: these being of course the removal of added pixels

and the restoration of the original radiometric values. It would be possible to

write a program to perform one or both of these operations for the 'old' format,

and another program to do the same for the 'new' format.

It was finally decided to prepare a program which could operate on either

old or new tapes. This program examines the date of production of the tape,

which is included in the Landsat header, and decides whether it is old or new

according to whether the production date is before or after I August 1979.
Having decided this, the appropriate conversion is selected.

For many purposes it is desirable to retain the geometric correction, and

for new tapes the added (duplicate) pixels are acceptable. However the added

(averaged) pixels of the old tapes are not considered acceptable, and thus these

are replaced by duplicate values. In the case of both old and new tapes the

radiometric values are then restored to their raw values by operation of the

look-up tables in reverse.

The complete program is named IM.UNCOR, consistently with the naming of the

other image programs in Space Department. The listing of this program is attached

in Appendix. A.

5.3 Program to read old and new corrected tapes

Before this work began, there was a program, named IM.FEJC.MSS,'which was

used to read the old (then standard) MSS tapes produced in FNicino and to form

image files from the data.

A new program has now been prepared, named IK.FUC.MSS.2 which incorporates o

both the facilities of the earlier program, and in addition the ability to

i _o_--
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process the new tapes. As with IM.UNCOR, the program itself decides whether the

tape is an old or new one, and proceeds accordingly.

The opportunity has been taken to incorporate a number of features in this

program which make ic considerably more convenient to use than the original one,

namely:

(a) The program determines whether the character code used is EBODIC or

ASCII, instead of asking the user. The information is obtained from one of the

process flag bits in the Landsat header record.

(b) The program only asks for one disc file name, and suffixes it withI 4, 5, 6 or 7 according to the band in question. Likewise it only asks for one
'text' for the file header, and attaches a suffix. Previously the user had to

provide four file names each with text.

(c) The file names and texts were previously requested after the first

pass through the tape had been done, is about 30 minutes after the start of the
program. Now the questions occur at the start of the run, so that no waiting is

involved.

(d) The user can specify which bands he wishes to use, whereas previously

he had to have all four. This is advantageous if the space available on disc is

limited.

Ce) The user can specify what portion of the image he wishes to use-

eg lines 1000 to 2000, whereas before the whole image was input.

A listing of this program is given in Appendix B.

6 CONCLUSIONS

A detailed study has been made of a raw Landsat MSS OCT and several correc-

ted tapes, both old and new. This study reveals the differences between the

various types of tape, and indicates how the conversions from raw to corrected

form have been made.

From the knowledge gained of the detailed structure of these tapes, it has

been possible to determine how to convert corrected tapes (of which RAE Space

Department has an extensive stock) back to raw data form. A program has been

written to do this for both old and new corrected tapes. The resulting raw data

is more suitable than corrected data for certain computer analyses.

As a result of this work, a new version of the tape to disc file input

program has also been prepared. This has several operating advantages over the
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existing program in ease and versatility of use, in addition to being capable of

processing both old and new tapes, whereas the existing version could only handle

the old tapes.

00
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Appendix A

LISTING OF PROGRAM IMUNCOR

PACE 8111

C PROGRAM IN.UNCORI TO UNCORRECT AN OLD OR NEW CORRECTED FUCINO TAPE

CPROGRAM IN.UNCURl TO UNCORRECT AN OLD OR MEN CORRECTED FUCINO TAPE
C FOR OLD TAPE$ IT CONVERT$ INTERPOLATED ADDED PIXELS TO DUPLICATES
C THEN COLD O2RHEV) IT CONVERTS PIX VALUES SACK, USING INVERSE LOOK-UP TABLES.
C THE OUTPUT IS ONE TO FOUR IMAGE FILES

PARAMETER N*3755 ?*NO. OF BYTES PER IMAGE BLOCK
LOGICAL EOTof.fERR,B.ASCII,NEU.,FLAG,PRINTN
INTEGER*4 DRUM
DIMENSION IBUFF(H),IITORECN).NANE(l6),ITEXT(41)
DIMENSION NIN(4 ).NO8(4*6.64),NSAK(4,6,255)

$INSERT SYSCOM>ASKEYS
DATA SUFFIX /~4H43671'
OAT* NLIHES#059? /*NO OF LINES TO CHECK FOR ADDED PIN
DATA IS.IFt*54&551' I*USED FOR CALC OF ISP#IFP

C

WRITEC 1.1821)3
1691 FORMATC'III.UNCOR 15-JAN-SI')

21 U-RNUMSA('INPUT TAPE UNIT NURSER' ,22*ASDEC.DNUM)
IF (HNOT .) GOTO 21
INUNITwIHTS(DNUN)
IF (INUHIT.LT.8 .OR. INUNIT.GT.3) C010 21
CALL REV(INUNIT)

C
DO 35 NSANDUI,4

39 NSN(NSAND)a@ ./.HO SAND IN USE..
R&YSNO$A( 'ALL BANDS' ,11,ANDEF)
IF (.NOT.U) GOTO 33
DO 32 NBANDwl.4

32 UNN(NAND)m1.
COTO 41

33 OsRNSA('NOV MANY BANDS'.14,ASDECDNUN)
IF (.NOT.0) COTO 33
NIANDS-INTS(ONUH)
IF (NUANDS.LT.1 .OR.NBANDS.GT.3) G0T0 33
DO 39 JwI,NBAMDl

3 I.RHNSAC'SANO NO' .7,ASDEC.DNUN)
IF (.NOT.I) COTO 35
J~m INTIC DNUN)
IF (JB.CE.4 .AND. JB.LE.?) COTO 35

3? VRITECI,1882)
1832 FORNATC'RtEPEAT THAI NUMBER')

GOTO 35
36 JCwJS-3

IF (NON( JC).EQ.'t) 00T0 3?

39 CONTINUE
C

42 LSTARTaI /*START FOR ENTIRE IMAGE
NLINEw2206 100O. OF LINES IN ENTIRE IMAGE
LPIwNLIME ##$END LINE FOR ENTIRE IMAGE
*uYSHOSA('EMTIRE IIIAGE' .12.ASNDEF)
IF (U) COTO 46

42 I.RMNMA('STARTING LINE', 13#ASDEC#DNUN)
IF (HNOT.) GOTO 42
LSTARTaINTS(DNUN)
IF (LSTART.LT.1 .OR.LSTANT.CT.2206) COTO 42

44 GaRNUNSAC'NOV MANY LINES'sI4..ASDECDDNUHM
0 IF (.NOT.0) COTO 44
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C PROGRAM IN.UNCORI TO UNCORRECT AN OLD OR HEW CORRECTED FUCINO TAPE

NLINEwINTSC DNUN)
IF (NLINE.LT.I OR3. NLINE.GT.2286). GOTO 44
LPI=LSTART+NLINE-1 esLAST LINE OF OUTPUT IMAGE
IF CLPI.GT.22I6) COTO 42

C
C READ TEXT AND FILENAME FROM OPERATOR

46 WRITE(Cto 1814)
1114 FORNATC'ENTER TEXT MESSAGE FOR IMAGE')

READ( 1.1305 )ITEXY
1815 FORMATC4IA2)
47 GaRNANSA('OUTPUT FILE NAME'.16.A*FUPPNAE.32)

IF (.NOT .0) COTO 47
C
C READ THROUGH HEADERSo WITH OPTIONAL PRINTOUT

PRINTN-YSNOSA('PRINT HEADERS'. 13,PSNDEF)
CALL NTRE(INUNITIIUFF.1531,EOTEOFERRNV) /*READ BLOCK I
IF CPRINTN) CALL JSCPTCIIUFF) ,'.URITE J9C NOR TO YOU
CALL NTRE(INUNIT.IDUFF.1531.EOT,EOF,ERRNV) /*READ EOF
IF C.NOT.EOF) IRITE(1,1lIS)

11l9 FORNATC'NOT EOF FOLLOWING JSC NEADER')
CALL MTRE(INUNIT,1IUFF.?21,EOT.EOF.ERR.NV) /*LANDSAT NOR
CALL LAHPT( IIUFF.ASCII.NEV.PRINTN) eLANOSAT HEADER
IF (NEW) WRIMe1,1II1)

14l1 FORNATC'TNIS IS A ONEV* TAPE - PRODUCED AFTER JULY 79')
CALL MTRE(INUNIT.IIUFF,36IEOT.EOFERRHNW) /*TRANSFORMATION RECORD
IF (PRININ) CALL TRANPTCIBUFF*ASCII) /*WRITE TRANSFORMATION RECORD
DO 49 Jo., /*DATA RECORDS 4 TO S
CALL NTRECIMUNIT.ISUFF.S1I,EOT,EOF,ERR,HV) t*LOOK-UP RECORDS
IF (J.E0.5 OR.,NBNCJ).NE.1) COTS 49

IF CPRINTH) CALL LOOKPT(IIUFFJDASCII) /*WRITE A TABLE
IF (.NOT.PRINTN .AND. .NOT.ASCII) CALL EBCASCCIIUFF(1)mS1I.U)
DECODE(1536,1111,IBUFF)ISTORE 10TEMPORARILY INTO ISTORE

11lt FORMATCII4(I4))
DO 46 Ku1..6
IA-C K-1)*64
DO 462 Lol,256

482 HIAK(J.K,L)u-l10/SET TO -1 IF NO VALUE EXISTS
ImNus
DO 454 Lwl,64
IN. ISTOREC KA.L)
NOSCJ.K.L)8IN
IF- (INO.LT.255) NIAK(J#K*IN.1)wL-l /*LOOK-UP VALUES FOR UN-CORRECTING
INOWIN

454 CONTINUE
46 CONTINUE
49 CONTINUE

CALL MTRE(INUNIT.IIUFF.1531.EOTEOF.ERRNU) /*READ EOF
IF (.NOT .EOF) NRITE(S1II83)

1183 FORNAT('NOT EOF AFTER LOOK-UP TABLES')
C

NUS. 193
HUEIuwNUI.1
ISENSaI .'START AT SENSOR I FOR OLD TAPES
LINETl i'.COUNT TEST LINES
DO 52 IaS.M

52 ISTORE(I)wE
DO 111 LINfumILPI
IIESEM.ISENS.1
IF (ISENS.97.6) ISENSI

0o
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C PROGRAN IN.UNCOR' TO lINCORRECT AN OLD OR HN CORRECTED FUCINO TAPE

DO SE IBAH~wI.4
CALL NTRE(IZNIT.IBUFF.NWI..EOT.EOF#ERR.NW)
IF (EOF) GOTO 991
IF (IUAHD.HE.1) GOTO 68

C CHECK ON SENSOR HUMBER
ISS*RS(ISUFF(6I),9) /*BYTE 1t7 IN ANCIL BLOCK
IF CHNOT.NEW .OR. LINET.NEE5) COTO 53
ISSSuISS .'.NEVI STARTING SENSOR - SAVE FOR 2ND PASS
ISENS=ISS

53 IF (1SS.NE.ISENS) COTO 9U1
IF (LINE.NE.LSTART AND. LINE.HE.LPI) COTO 68
ISPn256eRS(ISUFF(tS),6)4RT(IlUFFVCI)
IFP*256eR5C IIUFFC IF).S).RTC IBUFFC IF V.5)
IF (LINE.NE.LSTART) COTO 54
ISTSISP
IFINuIFP

54 IF (LINE.NE.LPI) COTO 61
1ST2olSP
IFIN2=IFP

68 IF CHEW) COTO S1
IF CLINE.LT.LSTART) GOTO SI
IF (NBN(ISAND).HE.1) COTO 88 /*USE ONLY SPECIFIED BANDS
IF CLINET.GE.NLINES) COTO a@ I*CNECK RNIES ONLY
L IMET=LINET.1
DO 64 Km1.NVB o'eUNPACK BYTES TO WORDS...
KAmNWBI-K i'*.. BACKUARDS.-..
KB.KA+KA lo... USING THE SAME BUFFER
IW*IBUFF(KA)
IBUFFC KS-I )uRSC IWS)

64 IBUFF(KB)wRTCIW.B)
JlmISP
IF (ISAHD.NE. 1) JI.JI-179

C BOLDO TAPES: ISTOREal FOR PIN VALUES NOT IN LOOK-UP TABLE
ITEST=IFP-ISP*191 /eoNO OF FIX IN BAND ? LINE
KAuJ1.5-2,C ISAND-I)
DO ?I Kul. ITEST
1PINmIBUFF(K.KA) ,.sITART AT ?TM 5TH 3RD OR 1ST PIX
DO 69 L-1,64
IF (NOSCIBANDdSlENSsL).EQ.IFIX) GOTO ?I

6S CONTINUE
ISTORECK )ul

?s CONTINUE
1I CONTINUE
I@$ CONTINUE

C
CALL REICINUNIT)
IF (NEW) GOTO 123
WRI TIC 11134)

1114 FORNATC'ADDED PIXEL$ AT POSITIONSI-')

ITESTLaITEST+6 .#SPOBSISLE [STORE VALUES
IF (NEW) ITESlLsITEST
DO III tolITESTL
IF CISTORE(I).EGI) GOTO 119
IDIFFuI-IOLD
WRIIEC 1.1115)1. 10FF

1135 FORNAT(216)

III CONTINUE
IwITESTL-IOLD

0o
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C PROGRAM IN.UNCORI TO UNCORRECT AN OLD OR NEW CORRECTED FUCINO TAPE

III? FORNAT(GX*16)

121 IF (I5T2.GT.IST) IST.15T2
IF (IFIN2,LT.IFIN) IFIN.IFIN2
IF (.NOT.NEW) IEPLOIFIN-1ST4181
IF (REV) KEPLmIFIN-IST-5
WRITE(1. 1h16)NLINEIEPL

1136 FORMAT('IMAGE SIZEa9.I5.' ROWS BY',15,' COLS')
C
C OPEN OUTPUT IMAGE FILE$ USING TEXT AND NAHE OBTAINED EARLIER AND IEPL

ICNTE~aMLENSA(ITEXT.II)+I /sPDR 3136 P23-6
ICNNAN.NLEMSACWAME,32)+I /*FIRST FREE LOCATION
CALL ]MITI
DO 131 1.1.4
IF CMN(I).NE.1) COTO 138
CALL NCNRSA(ITEXT*ICHTEXSUFFIXI) /*.ADD SUFFIX TO MESSAGE
CALL NCNRSACNANE*ICNNAN.SUFFIX.I) /*ADD SUFFIX TO FILEMNE
CALL OIVX(I.'11',NAMEIEPLNLINEITEXT)

338 CONTINUE

C **so** NOV FOR SECOND PASS *e*
PRINTNu. FALSE.
CALL LNEADR(IMUNITPRINTKM) /*NO OUTPUT TO VOU ON SECOND PASS

C

IF CHEV) ISENS.I1SS-1
0O 211 LIMEmILPI
I SENSu ISENS+I
IF (ISENS.GT.G> ISENIUI
DO 198 IIANDI1,4
CALL NIRE(INMNITIBUFFNUI1EOT.EOFERR.HN)
IF CEOF) COT0 991
IF (LINE.LT.LSTART) COTO 191
IF (1SAND.E8.1) ISP*256*RSCIBUFF(IS),.S.RT(IBUFF(IS).S)
IF (NUN(IBAND).NE.1) COTO 191
0O 164 KwI.NV9 I*UMPACK BYTES TO WORDS ..
KA=NVBI-K lo.. .BACKUARDS...
KI.KA*KA le. ..USING THE SAME BUFFER
IV. IIIFF(KA)
IIUFF( KU-I ).RSC IWS)

164 IIUFF(KI)uRT( IV.S)
C TRANSFER TNE LINE# ALTERING ADDED PIX AND UNCORRECTING

KSNIFTwIST-I IsFOR IBUFF POINTER
IF (IIAND.NE.1) KSNIFT*KSNIFT-178"
IIS=IST-ISP-(6-2o(I9AND-I))
ITENP.-1
FLAGo. FALSE.
DO 171 KwI,IEPL
IF (HEM) 0010 166.
IF (ISTORECK.KlS).Nf.l) COTO 166
IF (I1ENP.NE.-1) COTO 169
FLAG. .TRUE.

166 STENP=IBUFFCK*KgSNIFT)+l
ITENPwMBAKCIIAND,ISENS.ITENP) /'UN-CORRECT THE PIX
IF (ITENP.EI.-l) C0T0 9791 .'.ALUE NOT IN LOOK-UP TABLE

166 IF (.NOT.FLAC) 0010 169
IIUFF( K-I )ITENP
FLAG.FALSE.
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PAgE 3125

C PROGRAM IN.UNCOR TO UNCORRECT AN OLD OR HEW CORRECTED FUCINO TAPE

169 IBUFF(K)=ITEMP
1? CONTINUE

CALL UL12(IBANDIBUFF) '*URITE OUTPUT LINE TO FILE
191 CONTINUE
211 CONTINUE

C
CALL REW(INUNIT)
DO 251 I-I,4
IF (NBN(I).NE.1) GOTO 259
CALL CLOSEI(I)

258 CONTINUE
STOP t123456

C
9§1 WRITECt1,149)ISSISENS

1349 FORNAT('FAILS SENSOR CHECK. ISS, ISEHS:',216)
COTO 995

C
9?1 iB0iuAND+3

IF (.HOT.NEN) URITE(11I?I)LIHE,1i, K,iPIX
1171 FORNAT('LINE',I5,', BAND',12,', PIXEL NO',15,', VALUE',I4,

NOT IN TABLE')
'C G070 995

GOTO 168 /*TEMPORARY
C

991 URITE(1, 81)
119i FORNAT('ERROR 98')

COTO 995
C

998 WRITE(C11991)
1191 FORMAT('DOUBLE FILE HARK REACHED')
995 CALL REU(INUNIT)

CALL CALLI
STOP 27777
END

SUBROUTINE OIUK(FUNIT,ET,NANEEPLLPI.TEXT)
INTEGER FUNITETEPLLPITEXT(48)
DIMENSION NAME(16)
INTEGER EXTRA(44)
INTEGER STATE(CI),START(16),CET(16),CEPL(16)
INTEGER CLPI(C1),LNUN(16)
COflONiNCONISTATESTARToCETCEPL.CLP[,LNUN

C
C
C CHECK UNIT IS CLOSED

IF(STATE(FUNIT).EG.I) COTO 4
URITE(I,488) FUNIT

411 FORMAT('*** ERROR ***'I
0 'ATTEMPT TO OPEN IMAGE FOR WRITING OH UNIT ',12/
0 'WHEN UNIT IN USE')
CALL CALLI
CALL EXIT

4 CONTINUE
C CHECK EPL GE. I AND THAT LPI CE. I

IF(EPL.GE.1 AND. LPI GE. 1) COTO 21
VRITE( 1.133 )FUNIT

III FORNAT('*** ERROR ***'/
" 'ATTEMPT TO OPEN IMAGE FOR WRITING ON UNIT '.12/
" 'UITN EPL OR LPI LESS THAN ONE')
CALL CALLI
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C PROGRAM IN.UNCORI TO UNCORRECT AN OLD OR NEW CORRECTED FUCINO TAPE

CALL EXIT
23 CONTINUE
C OPEN FILE AND SET EXTRA INFO
3 CALL ODAHVX(FUNITP MANE)

START(FUHIT) a 44
CET(FUNIT) E T
CEPL(FUNIT) *EPL

CLPI(FUNIT) *LPI
ENTRA(l) w START(FUNIT)
EXTRA(2) a CETCFUNIT)
EXTRA(3) a CEPL(FUNIT)
EXTRAC4) a CLPI(FUNIT)

C
DO 1 1=1,41

EXTRA( I+ 4) TEXT(CI
CALL POSH(FUNIT,6IEUIEI)
CALL UTDAHCFUHITEXTRA#44)
LNUM(FUNIT) I
STATE(FUHIT) *2 is OPEN FOR WRITING
RETURN
E ND

SUBROUTINE ODAWXC (FUNIT*NANE)
C OPENS A DAN FILE FOR WRITING
$INSERT SYSCON)ASKEYS

INTEGER FUHIT
LOGICAL OK
INTEGER MNE(16)

C
C

1 OK a OPENWAASUAIT + ASDAHFNANE,32.FUNIT)
IF(.NOT.OK) CALL EXIT
CALL POSNCFUHIT* 8591@11)
RETURN
END

SUBROUTINE LNEADR( IUNITPRINTH)
C READS HEADER BLOCKS. IF PRINYN. OUTPUTS DETAILS AND ASKS QUESTIONS

INTEGER BUFFC 131) ?'*LARGE ENOUGH FOR JSC HEADER
LOGICAL EOTEOFPERRASCII.NIEW.PRINH

C
C

CALL NTRE(IUNIT.BUFF..153I..EOT.EOFERRNW) l'*READ BLOCK I
IF (PRINTN) CALL JBCPTCUUFF) .'.WRITE JEC NOR TO YDU
CALL HTRECIUHITsBUFF.1533.EOT.EOFERRNW) o#eREAD EOF
IF (.NOT.EOF) VRITE(1,1082)

1112 FORHATQNOT EOF FOLLOWING JIC HEADER')
CALL HTRE(IUNIT.BUFF.721.EOT.EOFERRNW) l*LANDSAT HDR
CALL LANPT(BUFF&ASCIIaNEU.PRINTN) /*LANDSAT HEADER
CALL HTRE(IUNIT.-BUFF.36B.EOTEOFERR,NW) o'eTRANSFORNATION RECORD
IF (PRININ) CALL TRANPT(BUFFABCII) J'*WRITE TRANSFORMATION RECORD
DO 3I J-4,1 /*DATA RECORDS 4 TO S
CALL NTRE(IUHIT.BUFF.BII.EOT.EOF.ERR.NV) OPOLOOK-UP RECORDS
IF (PRIHTH.AHD.J.NE.l) CALL LOOKPT(BUFF#J*ASCII) 10VRITE A TABLE

38 CONTINUE
CALL NTRE(IUNIT.BUFF215331 E0TEOFERR,NW) lodEAD EOF
IF (.NOI IOF) UIME113)

1Il3 PORNAONOT KOF AFTER LOOK-UP TABLES')
RETURN

CI
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C PROGRAM IN.UNCORI TO UNCORRECT AN OLD OR NEW CORRECTED FUCINO TAPE

END

C SUBROUTINES TO PRINT HEADER RECORDS FROM FUCINO LANOSAT TAPES
C

SUBROUTINE JSCPTCIPT)
C SUBROUTINE TO PRINT THE J.S.C. HEADER (3068 BYTES). ALWAYS EBCDIC CHARS.

DIMENSION IPT(I)..IB(17)
C
C

IB(l)wLS(RT(1PT(1369),S),9) /sIST BYTE
DO 18 I-l.a /*.NEXT 16 BYTES

CICI1

19( 1I )=LT( IPT( 1+1369)69)
11 IB(IC2)mLB(RT(IPTCI.136i9)).S)

C
CALL EICASC(18,16,1) /*.CONVERT TO ASCII, UPPER CASE
CALL EBCASC(IPT(1444)#S.1)
WRITE(1.IB) (10(l),Iu1.16),1PTC1443),(IPT(I),la444.144?,

1188 FORHATG'h'.*s.*...ss JSC HEADER*.***'/
1 'SUN ELEVATION :',BAI.' MILLIRADS'//
2 'SUN AZIMUTH i'.SAI..' MILLIRADS'//
3 'EARTH ROTATION i'.IS,' HILLIRADS'//
4 'SATELLITE ALT t',4A2,' METRES'//)
RETURN
END

C

SUBROUTINE LANPTCIPT,ASCII.NEM..PRINTH)
C DETERMINE ASCII* HEW. IF REGO, PRINT LANDSAT HEADER (1441 BYTES)

LOGICAL ASCII.NEV*PRINTH
DIMENSION IPTCI)

C
C

ASCII- TRUE.
I=RT(IPTC6BS),B) /*FLAG FOR ASCIII'EBCDIC
IF (I.EG.241) ASCII-.FALSE. ?*2481360 OCTAL -ESCDIC ZERO
IF C.NOT.ASCII) CALL EBCASCCIPT(I).72Bl) /*CONVERT TO ASCII
NTIPTC 4S4)
M'tRSCM,S) /*FIRST BYTE
Ma&-RTCMI,4) /*SKEEPS 4 SITS ONLY
Mq2-RT(M.4) #**SECOND BYTE, 4 CHARS ONLY
MinII*Nl.M2 ?*SASSEMBLE AS A NUMBER
IYRUIPT( 465)
I 1-RSC YR. B)
IIuRT( 11,4)
I2uRT( IYR. 4)
1YRIE.I 1.12
HEM.FALSE.
IF CIYR.GT.79) HEM-.TRUE.
IF (IYR.EG.79 .AND. N.CE.B) HEM-.TRUE.
IF (PRINYN) MRITECI.IEBI) (tPTCI).Iml,?2l)

1121 FORMAT(/********* LANOSAT HEADER ****'/S4A.)'
RETURN
END

SUBROUTINE TRAHPT(IPT.ASCII) 0'.PRIMT TRANSFORMATION RECORD
LOGICAL ASCII
DIMENSION IPYCI)

C
co
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C PROGRAM IN.UNCORI TO UNCORRECT AN OLD OR HEW CORRECTED FUCINO TAPE

C
IF (NMOT.ASCII) CALL EBCASC(IPT(l)*36l.B)
VRITEC llIE(IPIC I). 1..311)

1018 FORMAT/'e**s.*s TRANSFORMATION RECORD ***es**'/9(/4IA2))
RETURN
END

SUBROUTINE LOOKPTCIPI.NT.AICII) /*PRINTS RADIONETRIC LOOK-UP TABLE NT
LOGICAL ASCII
DIMENSION IPTC1)

C
C

IF C.NOT.ASCII) CALL EBCASC(IPTCI),?69,U)

IF CNT.EO.S) N=256 IOTNERNAL BAND S HAS 2 SENSORS
URITEC i. 111)NT.(IPTO(J)..Jm1.M)

1181 FORMATI/' RADIONETRIC LOOK-UP TABLE 000*00 SAND.I12.
S6(/4(.#32A2)))

RETURN
END

SUBROUTINE ESCASCCIUORDNIUP) t'SCONVERTS N CHARS, EBCDIC TO ASCII
C STARTING FROM IVOROD

INTEGER EBTOAS. EICNAR#ASCNAR
INTEGER IUORD(I)#LCHAR(2)aJ*M.ICNAR,-L
INTEGER EBTOASC 27)
DATA EBTOAS.':111415, 114l2481 355241, 1177142,a175643a1145244.
o 111245s.'352461a371147.1146653 1256651. 151252.184?2S331165634#
1 1118255,a145651.'31115?. '375272. 3351173. 146274.107?2?5.131?2?1.

t s31?77,13?633.a31737. '322612. 3355644/

IF (N .LE. MOT0O 153
DO 16 JuaN

C SPLIT IWORD(J) INTO TWO SINGLE CHARACTERS LCNAR(1) ILCNARt(Z)
c LCNARCI)m SCN(IODJ.l?4I)3

LCNAR(2)n AND(IMORD(J). 3377)
DO 21 MUI.2
ICNAR=LCNAE(N)
Lal

C SEE WNETNER ICNAR 18 ALPURAUSNERIC

IF (I0133 LT. 13 .03. ICNAV .07. '371)0010 211
ICHARm ICN*R-tl~l
COTO 123

233 IF (ICHAlR LT. 93ll OR. 101*3 .07. 1311)C01 213
COTO 121

21@ IF (IC~hR .LT. s323 . 1 3 .01 G. 1331)GOTO 221
ICNAR. ICHA-sill?
00T0 121

223 IF (ICN*R LT. 1343 OR. ICHAR G01. 151)000 231

ICHARS ICkhm-all?
COTO 126

231 If (ICHAR .LT. 12l1 .01. 10341 GT1. '211)0010 241
0010R 10*II 4

COTO 10
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C PROGRAM IM.UNCOR, TO INCORRECT AN OLD OR NEW CORRECTED FUCIHO TAPE

243 IF (ICHAR LT. s221 OR. ICHAR GCT. 1231)COTO 251
ICHARU ICHAR*1131
COTO 133

253 IF (ICHAR .LT. s242 .OR. ICHAR .GT. t251)GOTO 268
ICHARs ICNAR*sl2l
COTO 133

C
C SEE UNETNER ICNAR IS IN THE ARRAY EBTOAS
C

260 EICNAR- RS((AND(EBTOAS(L).317?411)),8)
IF (ICHAR .EQ. EICHAR) COTO 43

IF (L .LE. 27)GOTO 261
GOTO 5I

43 ASCHARm ANDCEITOAS(L),i3??)
ICHAR a ASCHAR
COTO 123

C
C SET ICHAR TO NUL CHARACTER
C

53 ICHAR = t268
GOTO0 123

C
C IF JUP a I UPCASE ICHAR
C

139 IF (IUP HE. I)GOTO 123
ICHAR. ICNAR-:1

129 LCHAR(M)w ICNAR
29 CONTINUE

C
C RECOMBINE LCHARCI) AND LCHAR(2) INTO A SINGLE WORD (IWORD(J))
C

IVORD(J)u OR(LSCLCNARCI),S)sLCHAR(2))
1I CONTINUE

END

0
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Appendix B

LISTING OF PROGRAM IM.FUC.MSS.2

FkCE Bll

C PROGRAM IN.FUC.NSS.2

C PROGRAM IN.FUC.MSS.2
C TO READ A FUCIHO NAGTAPE, IN OLD OR HEN FORMAT, TO IMAGE-FILES

PARAMETER Mw3?8 /*MO. OF BYTES PER IMAGE BLOCK
PARAMETER NUBnI89i '*NO. OF VORDS PER IMAGE BLOCK
LOGICAL EOTEOFERRGNEMPRINTH
INTEGER$4 DNUM
DIMENSION IBUFV(HMB),IBUFB(N),ISTORE(M),ITEXT(41),NBN(4)
DIMENSION NAME( 16)

SINSERT SYSCOM>ASKEYS
DATA SUFFIX /4N45671

C
C
C

URITE( 1, liii)
iiiB FORMAT('IN.FUC.MSS.2 11-JAN-BE')

C
23 G-RNUMSAQ INPUT TAPE UNIT NUMBER',22,ASDECDNUM)

IF (.HOT.9) COTO 23
IMUNI T=INTS(DNUM)
IF (IMUNIT.LT.I OR. INUNIT.GT.3) COTO 23
CALL REU(IMUNIT)

DO 33 J=1,4
33 NBN(J)=B I'eNO BAND IN USE..

Q-YSNC$A('ALL BANDS' .9,ASNDEF)
IF (.NOT.fl) COTO 33
DO 32 J-1.4

32 NBH(J)-1
NBANDSm4
GOTO 43

33 gaRNUNWA('OM MANY SANDS',14,A$DEC#DNUM)
IF (HNOTS0) GOTO 33
NBANDSwIHTS(DHUN)
If (NBANDS.LT.1 .OR.NBANDS.CT.3) COTO 33
DO 39 Ju1,NBANDS

35 CaRHUNSA('BAND NO' ,7,A$DEC,DNUN)
IF (.NOT.0) COTO 35

JBnINTS(ONUM)
IF (JB.GE.4 .AND. JS.LE.?) COTO 30

37 MRITE(1,1 332)

1112 FORMAT(REPEAT THAT NUMBER')
GOTO 35

30 JCwJB-3
IF CNBM(JC).ES.1) COTO 3?
NBN(JC )u1

39 CONTINUE
C

41 LSTARTwI loSTART FOR EN4TIRE IMAGE
NLINE.22S6 /*NO. OF LIMES IN ENTIRE IMAGE
LPIsNLIHE /*END LINE FOR ENTIRE IMAGE
G-YSNOSA('ENTIRE INAGE'1 12.ASNDEF)
IF (A) COTO 51

42 gafRNUMSA('STARTING LINE'.13,ASDEC,DNUN)
IF (.NOT.9) COTO 42
LSTARTuINTS(DNUM)
IF (LSTART.LT.1 .OR.LSTART.CT.2296) COTO 42

44 QmRNUM$A('HOU MANY LINES' ,14,ASDECONUN)
IF (.HOT.G) COTO 44
NLINE=INTS( ONUN)
IF CNLINE.LT.I .0R. NLINE.GT.2206) COTO 44
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C PROGRAM IN.FUC.NSS.2

IF CNLIHE.ES.I) GOTO 68 /*FOR HEADER PRINTOUT ONLY
LPI=LSTART+NLINE-l /*LAST LINE OF OUTPUT IMAGE

IF (LPI.GT.2214) COTO 42

C READ TEXT AND FILENANE FROM OPERATOR
58 VRITECI1184)

1114 FORMAT(EHTER TEXT MESSAGE FOR IMAGE*)
READ( 1,1185 )ITEXT

1123 FORNAT(43A2)
52 GuRNANSA(OUTPUT FILE MNE'.16,A$FUPPNANE,32)

IF (.NOT.S) COTO 52
C
C READ THROUGH HEADEtS. WITH PRINTOUT

63 PRINTHu.TRUE. /*PRINT THE HEADER
CALL LNEADR(INUNIT*PRIHTN*MEW) /*-I FOR PRINTOUT
IF CHLINE.ES.I) STOP s12345 I.HLIHEaI FOR HEADER PRINT ONLY

C
C READ TAPE ONCE TO DETERMINE MAXIMUM START AND FINISH COLUMNS

DO 181 LIHE-I.LPI
DO 99 IIANDm1,4
CALL NTRE(IMUHIT.IIUFW.NWIEOT.ESFERR.NW)
IF (EOF) COTO 991
IF (IIAND.NE.1) COTO 9B
IF (LIME.NE.LSTART) COTO .?I
ISTu256'RSCIIUFW(54),S).RT(IIUFWC54),S)
lFI~u256eRSCIBUFV(55),S).RTC IIUFWC55).S)

7IF (LINE-NE.LPI) COTO 91
15T2.254sRS( ISUFUC 54)6 ).RTC IIUFWC54 ). )
lFIN2m256SRSCIUU(55).I).RT(IIUFV(S5),I)

93 CONTINUE
III CONTINUE

CALL RENCINUNIT)
IF CIST2.GT.IST) ISTuIST2
IF (KFIN2.LI.IFIN) IFIN=IFIN2
IF CHEW) IEPLwIFIN-IST-5 *'*NO. OF PIX IN LINE FOR OUTPUT IMAGE
IF (.NOT.NEW) IEPLaIFIN-IST.191

C
C OPEN IMAGE FILES FOR WRITING USING TENT AND NME IBTAINED EARLIER

CALL IMITI
ICHTEXnNLENSA(ITEXT,II)+l I'ePDR 3151 P23-6
ICHNAM.NLENSA(NANE,32)+I "POSITION FOR SUFFIX
DO 115 IIANDet.4t
IF (NDN(ISAND).HE.1) COTS 135
CALL KCNRSA(IIEXT.ICNTEX.SUFFIX.IIAND) j0OPDR 3116 P23-?

CALL NCNSACMNE.ICNNAM.SUFFIX. hAND) 1*4008 SUFFIX
CALL SIWXCI5AND.'11'.HANE.IEPL,NLINEITEXT) i
WRITIE 1 11)NLINEoIEPL

134 FORNAT(INAGE SI51115o. ROWS.I15* COLUMNS')

PRINTHs. FALSE.
CALL LHEADR(INUNIT*PRINTN.NEU) IONO OUTPUT TO VON ON SECOND PASS

C
DO 281 LIN~mILPI
DO 193 1IANDw1.4
CALL "TIECIMUNIT.IIUFW.NWS.EOT.IOF.ERRNN)
IF ([OF) COTO 991
IF CLINE.LT.LSTART) COTO 191
IF (NIN(IIAND).NE.I) COTS 191 oi.IGNORE THIS @AND
DO III KmI.NU@

0
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c PROGRAM IN.FUC.HSS.2

IIUFICKK)mRSC IIUFW(K)oS)
III IIUFI(KK*1)=RT(IIUFU(K).3)

KIIFTw* ST-I
IF CIIAND.NE.1) KSNIFTwKUNIFT-171
DO 135 KulIEPL
ISTORE(K )uIIUFU( K#KINIFT)

131 CONTINUE
CALL UL12( hAND. ISTORE)

191 CONTINUE
218 CONTINUE

CALL REUCIHUNIl)
D0 23B 1=1,4
IF (NINCI).NE.1) COTO 253
CALL CLOSEICI)

251 CONTINUE
STOP 1123456

C
993 VRITE(1.1696)
1198 FORHAT('DOUILE FILE HARK REACHED')

CALL REUCINUNIl)
STOP s??77
END

SUBROUTINE OIVX(FUNITETMNE.EPLLPITEXT)
INTEGER FUNIT*ET*EPL*LPI.TEXTC4I)
DIMENSION MANIC IS)
INTEGER EXTRAC44)
INTEGER STATE(16).START(16).CET(16),CEPLC 16)
INTEGER CLPI(16)PLNUN(15)
COHHON/INCONI'STATE.START, CET.CEPLCLPI .LNUN

C
C
C CHECK UNIT IS CLOSED

IF(STATE(FUNIT).EG.I) COTO 4
VRITECI.4U3) FUNIT

418 FORMAT('*** ERROR 0*.e'
s 'ATTEMPT TO OPEN IHAGE FOR WRITING OH UNIT #,12/i
o 'WHEN UNIT IN USE')
CALL CALLI
CALL EXIT

4 CONTINUE
C CHECK EPL CGf. I AND THAT LPI GE. I

IF(ELGCE1 .AND. LPI GE. I) COTO 23
WRITE( I* 11 )FUNIT

III FORMAT('*** ERROR 0*011
o 'ATTEHPT TO OPEN IMAGE FOR WRITING ON UNIT 'P12.4
* 'WITH EPL OR LPI LESS THAN ONE')
CALL CALLI
CALL EXIT

28 CONTINUE
C OPEN FILE AND SET EXTRA INFO
3 CALL ODAMX(FUNIT.NAHE)

ITART(FUNIT) a 44
CET(FUNIT) a ET
CEPL(FUNIT) a EPL
CLPI(FUNIT) a LPI
EXTRA(S) a STARTCFUNIT)
EXTRA(2) a CET(FUNIT)

00
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PACE 8114

C PROGRAM IN.FUC.NSS.2

SXTRA(3) w CEPL(FUNIT)
EXTRA(4) u CLPICFUNIT)

C
00 1 1.1.41
EXTRA(CI + 4) TEXT( I

I CONTINUE
CALL POSN(FUNITo.IIUI)
CALL UTDAN(FUMIT*EXTRA#44)
LNUM(FUNZT) I
STATE(FUNIT) -2 /0* OPEN FOR WRITING

RETURN
-~ END

SUBROUTINE ODANVX(FUHIT*NAHE)
C OPENS A DAN FILE FOR WRITING
$INSERT SYSCON>ASKEYS

INTEGER FUNIT
LOGICAL OK
INTEGER NANEC IG)

*1' C
C

t OX a OPENSACASVRIT + ASDAHFoNANE*32,FUNIT)I

CALL POSN(FUNIT. 9111180)
RETURN
END

INTEGER IUFF(1531) *#*LARGE ENOUGH FOR JIC HEADER
LOGICAL EOT.EOFERRASCII*NEM.PRINTN

CALL NTRE(IUNIT.IUFF.1531,EOTEOF.ERRNU) /*READ BLOCK 1
IF (PRININ) CALL JSCPTCSUFF) #*IJRITE JSC MDR TO YOU
CALL HTRECIUNIT.IUFF.1538,EOT.EOFERRNV) IOREAD EOF
IF (.NOT.EOF) WRITE(1#1882)

112 FORNATCNOT EOF FOLLOVING JSC HEADER')
CALL HTRE(IUNIT.UUFF.721.EOT.EOF.ERR.HU) /OLANDSAT NDR
CALL LANPT(IUFFASCII.HEU.PRINTH) loDETERNINE ASCII. MEN
CALL HTRE(IUNITBUFF,3SIEOT.EOF.ERNU) 10TRANSFORNATIOH RECORD
IF (PRININ) CALL TRANPT(IUFF,ASCII) /*WRITE TRANSFORMATION RECORD
DO 33 Jw4a5 /*DATA RECORDS 4 TO 0
CALL NTRE(IUNITIUFF.01U.EOTPEOF.ERR.NU) /*LOOK-UP RECORDS
IF (PRINTH.AND.J.NE.S) CALL LOOKPTCUUFF*JoASCII) 10URITE A TABLE

as CONTINUE
CALL HTRE(CIUNITIUFF.1531.EOT*EOF.ERR.NV) 'eREAD EOF
IF (HMOT.EOF) URITE(1.1113)

1883 FORNATC'NOT EOF AFTER LOOK-UP TABLES')
RETURN
END

SUBROUTINE JSCPT(IPT)
C SUBROUTINE TO PRINT THE J.S.C. HEADER (3101 BYTES). ALWAYS EBCDIC CHARS.

DIMENSION IPT(1)otI(17)
C
C

IB(1)oLS(RT(tPT(1301).S)#8) IsIST BYTE
DO 18II S .. 3 NEXT 16 BYTES

ICIw2*I
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C PROGRAM IN.FUC.NSS.2

I C2wICl. I
I3 W t )nLTC IPI( 1+1369).9)

11 IU(lC2)-LS(RT(IPT(I*1369).8)S)8

CALL EUCASCCI3.sI6,) /*SCONVERT TO ASCII, UPPER CASE
CALL ESCASC(IPT(1444)#9,1)

16i OMA(V82*.~ JIC HEADER *s.*'f
I 'SUM ELEVATION 1'#SAI,' NILLIRADS'//
2 'SUM AZIMUTH t'.SAl.' HILLIRADSU/,
3 'EARTH ROTATION 8'IOMILLIRADS'//
4 'SATELLITE ALT 1',4A2.1 NEIRESfl1)
RETURN
END

SUBROUTINE LANPTCIPTASCIINEUPRINTH)
C DETERMINE ASCII, NEV. IF REGO. PRINT LANDSAT HEADER (1441 $VITES)

LOGICAL ASCIIoNEV.PRIMTH
DIMENSION IPT(I)
DOUBLE PRECISION CHASC#CHEBC
DATA CHAkSC, CHEBC.'IHASCI ISNEBCDI C

* C
C

IsATCIPT(5S5),B) /*SFLAG FOR ASCII/EDCDIC
IF (I.ME.242) COTO 23 /.IT'S NOT ESCOIC (242w365 OCTALsE8COIC I
ASCII. .FALSIE.
CALL EUCASC(IFTC1)#729.4) o.*CUWIENT TO ASCII
IF (PRINTH) WOITE~1lU3I)CREOC

1881 FORMAT('AGTAPE CHARACTERS ARE '#55)
COTO 31

26 ASCIIU.TRUE.
IF (PRININ) VRITE(1IIU1l)CNASC

33 NwIPT(404)
NMI RSCN. 9) .'CFIR8T BYTE
NIsRT(NI,4) 1'sKEEPS 4 BITO ONLYI
N2uRT(N,4) 40*SECOHD BYTE. 4 CHARS ONLY
NwIsNI.N2 ?*aASSEMBLE AS A NUMBER
IYR-IPT(483)

I2wRTC IYR. 4)

HEV.FALSE.
IF (IYR.GT.7S) NEUU.IRUE.
If (IYR.EI.79 .AND. N.GE.9) NE~u.TRUE.
IF (IAtCT.LT.I) URITECI1l111) (IPTCI)sIul.?2l)

1122 FORNATC."eoeees LAND8AT HEADER*S**%i6(l2/
RETURN
END

SUBROUTINE TRAUPTCIPTASCII) ?*sPRINT TRANSFORMATION RECORD
LOGICAL ASCII
DIMENSION IPT(I)

C
C

IF (.NOT.AUCII) CALL [SCASC(IPT(I)#36slI)

11ll FORNAT(O"e..e.... TRANSFORMATION RECORD **se*0009''(1'4142))
RETURN

O0
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C PROGRAM IH.FUC.NSS.2

E ND

SUBROUTINE LOOKPT(IPT*NT*OASCII) /*PRINTS EADIONETRIC LOOK-UP TABLE NT
LOGICAL ASCII
DIMENSION IPTCI)

C
C

IF C.NOT.ASCII) CALL EBCASCCIPTCI)#91I.I)

IF (N4T.Eg.B) Mu256 '*THERMAL $AND S HAS 2 SENSORS
WRITEC 1. 1B1)NT.CIPTCJ),JuI.N)

1198 FORNATWt' RADIONETRIC LOOK-UP TABLE so**** BAND'.12,
a6(/4(/'32h2)))
RETURN
END

SUBROUTINE EOCASCCIUORDN#IUP) .'SCONYERTS N CNARS, EICOIC TO ASCII
C STARTING FRON IVORD

INTEGER EBTOASPEOCNAR.tASCNAR
11NTEGER IVORDCI)oLCNAR(2)#J..NICHAR1 L
INTEGER EBTOAS(27)
DATA EBTOAS/1136615. 141241. 155241. II??642.'I75643#1145244*
1 1866245,1151246,II?6647. l146651, 135651. 156252,314?252,s165654,
s 1161255,aB45656,1161637. 1175272. :356673. 1146274,iI7?2?5,116?2?6,
I 116?67?7,1763I1,1166737, 1122612. 355644'

C
C

IF (N LE. *)GOTO 151
DO Is Ju1.N

C
C SPLIT IVORDCJ) INTO TVO SINGLE CHARACTERS LCNARC1) &LCHAR(2)
C

LCHARC2)u AND(KUORD(J). l377
00 21 Nwl,2
ICNAR=LCNAR(N)
Lal

C
C SEE VHETHER ICHAR IS ALPHANUMERIC
C

IF (ICHOR .LT. s361 OR3. ICHAR .GT. 13?1)GOTO 21
ICHARs ICHAR-I18l
GOTO 121

211 IF (ICHAR .LT. j3§1 .01. ICNAR CGT. iZII)GOT9 211
COTO 128

211 IF (ICHAR .LT. s321 .04. ICHAR .GT. aX30G)OTO 221
ICHARB ICHAR-Ill?
GOTO 121

221 IF (ICHAR .LT. s342 Olt. ICHAR .GT. t35I)GOTO 231
ICHARM ICHAR-ul17
COTO 121

231 IF (ICHAR .LT. 3231 .02. ICHAR .GT. 12ll)GOTO 241
ICHARw ICHAW.148
COTO 138

241 IF (ICHAR .LT. 1221 Olt. ICHAR .GT. 1231)COTO 251
ICHARS ICHARau1~1
COTO 125

2s. If (tCHAR .LT. 1242 .04. ICHAW .@I. t25I)COTO 261

ICHAR. ICHAR~sl21V
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C PROGRAM IN.FUC.NS8.2.

COTO 135
C
C SEE WHETHER ICHAR 19 IN THE ARRAY EUTOAS
C

IF (ICHAR E20. EUCHAR) COTO 41

IF (L .LE. 27)6010 261
COTO 59

41 AICHARw AND(E@TOASCL),s37)
ICHAR a ASCUAR
C0T0 121

C
C SET ICHAR TO HKUL CHARACTER
C

56 ICHAR - a2um
COTO 121

C IF iUP - I QUPCASE ICHAR
C

13 IF (IUP NME. M)OTO 123
ICNARu ICNAR-1848

I29 LCMN(N)a ICNAR

IN CONTINUE

RENCOUSINE MCAIM1 All LCNAR(2) INTO ASINGLE WORD (IVARD(J))

IUSR(J O*S(LS(LCwARCI ).s).LCNAR(2))

IN CONTINUEI

0
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Table 1

RECORD STRUCTURE OF LANDSAT MSS CCT

Data record Number of bytes

JSC header 3060
Tape marker
Landeat header 1440
Geometric transformation record 720
Calibration tables for band 4 1620

to " i 5 1620it it "o " 6 162o
" to " 7 1620
" " i t 8 1620

Tape marker
Data record 1 3780
Data record 9144 3780
Tape marker

Table 2

THE DATA TAPES EXAMINED

Tape RAE No. Satellite date Scene Process date Type

A 002299 9 July 1977 208/18 5 Apr 1979 Raw
B 002272 9 July 1977 208/18 16 Sept 1979 New cor.
C 001785 2 July 1977 219/24 9 Sept 1979 Old cor.
D 000183 2 June 1976 218/24 ? Jan 1978 Old cor.
E 001855 6 Nov 1975 218/24 30 Oct 1979 New cor.

Table 3

ITEMS IN JSC HEADER RECORD

Item Byte Nos. Type Contents

1 2738-2745 EBCDIC Sun elevation, milliradians
2 2746-2753 EBCDIC Sun azimuth, milliradians
3 2885-2886 Binary Earth rotation, milliradins
4 2887-2894 EBCDIC Satellite altitude, metres

i)
0 l.
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